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Question 1 [20 marks] 


(a) Find the natural domain of the vector function 


t+ 1 32 ~—CUdL 32 
r(t) = 7+ —(1—t)274+ —(14+1t)2k. 
re) = t+ Laois tase! 


(b) Compute the arclength of the curve defined in part (a) for t € [0,7] and hence find 


the arclength parameter for the curve. 


(c) Compute the curvature of the curve of the curve defined in part (a) for any t from 


the natural domain. 


(d) Find the normal plane of the curve defined in part (a) at t = 0. 


Question 2 [20 marks] 
Let F(x, y,z) = sin(x? + 2y — 327). 


(a) Show that there is a function y = g(x, z) defined on some disc centred at (0,0) such 
that g(0,0) = 0 and y = g(a, z) if and only if F(x,y,z) = 0. Find both partial 
derivatives of g(x, z) at (0,0). 


(b) Find the equation of the tangent plane of the surface F(z, y, z) = 0 at (0,0, 0); 


(c) Find the direction in which F(z, y, z) increases most rapidly at (0,0, 0). 


Question 3 [20 marks] 


(a) Find and classify the critical points of f(x,y) = 2? — 4y? — x —2y +1. 


(b) Use Lagrange multipliers to find the absolute minimum and maximum of f(x,y) = 


x? + 2y? — x on the unit circle x? + y? = 4. 


(c) Find the absolute extrema of the function f(z,y) = x2? + 2y? — x on the circular 


region x7 + y? < 4. 


Question 4 is on page 3 
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Question 4 [20 marks] 


(a) Sketch the (hoof-like) solid enclosed by the cylinder x? + y? = 1, the ry-plane and 


x 


the plane z = § and find its volume. 


(b) Show that the integral 


(1,1) 
| Bus u? + y? dx + 3y/ 2x? + y? dy 
( 


0,0) 


is independent of the path, and find its value by any method. 


Question 5 [20 marks] 


(a) Show that the function f(z, y, z) = 3x? — 4yz is differentiable at (0,0, 0). 


(b) Show that the norm function f(Z) = ||2|| is continuous at any @ € R?. 
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